Abstract. Gene and protein abnormalities of anaplastic lymphoma kinase (ALK) play an important role in the pathogenesis of various cancers and serve as important therapeutic targets. We investigated ALK protein expression, phosphorylation, and genetic aberrations using fluorescence in situ hybridization (FISH) in 81 soft tissue tumor samples: inflammatory myofibroblastic tumor, n=1; alveolar soft part sarcoma, n=2; leiomyosarcoma, n=10; well-differentiated liposarcoma, n=7; pleomorphic liposarcoma, n=2; extraskeletal osteosarcoma, n=1; epithelioid sarcoma, n=1; synovial sarcoma, n=4; malignant peripheral nerve sheath tumor, n=4; undifferentiated pleomorphic sarcoma, n=19; rhabdomyosarcoma, n=6; myxofibrosarcoma, n=8; myxoid liposarcoma, n=11; fibrosarcoma, n=4; and desmoid-type fibromatosis, n=1. ALK protein expression, gene signal gain (without translocation), and phosphorylation were observed in 33/81 (40.7%), 55/81 (67.9%), and 30/81 (37.0%) tumor samples, respectively. ALK protein expression was statistically associated with phosphorylation, but not with gene signal gain. ALK phosphorylation-positive cases showed a statistically worse metastasis-free survival compared with phosphorylation-negative cases (P= 0.0215). Particularly, metastasis of myxoid liposarcoma was associated with ALK phosphorylation (P= 0.0019), but not with ALK protein expression or gene signal gain. However, the prognosis had no association with ALK protein expression, gene signal gain, or phosphorylation. ALK protein expression and phosphorylation play an important role in tumor biology and provide potential therapeutic targets for soft tissue tumors. Future research should focus on the oncogenic role and the efficacy of potential inhibitors of ALK.
Introduction
Anaplastic lymphoma kinase (ALK) is a receptor protein tyrosine kinase that possesses a single transmembrane domain and 1,620 amino acid residues (1, 2) . Among normal tissues, ALK protein expression is prominent in the brain and peripheral nervous system of developing embryos and decreases rapidly after birth (3) . In adults, the ALK protein is expressed at low levels and only in the central nervous system, while it has not been detected in other tissues (3) . Thus, expression of this protein is considered to be a characteristic of abnormal cells.
Abnormalities in ALK at both the gene and protein levels play an important role in the pathogenesis of various cancers (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) and serve as important therapeutic targets (4) . ALK gene translocations and oncogenic fusion proteins have been reported in a variety of human malignancies, including anaplastic large cell lymphoma (ALCL) (13) , non-small cell lung cancer (NSCLC) (4, 5) , inflammatory myofibroblastic tumors (IMT) (6, 7) , and neuroblastomas (8) (9) (10) (11) (12) . Other genetic alterations have also been detected, such as germ line or somatic mutations in neuroblastomas (8) , gene insertions or amplifications in neuroblastomas and NSCLC (5, 8) . In addition to IMT, rhabdomyosarcomas are another soft tissue tumors for which there have been several studies of ALK protein expression and gene amplification (14, 15) . On the other hand, ALK gene abnormalities and aberrant protein expression in other soft tissue tumors have not been well investigated.
Previously, Takeuchi et al improved the immunohistochemical sensitivity of the ALK protein through the development of the intercalated antibody-enhanced polymer (iAEP) method, which incorporates an intercalating antibody between the primary antibody and the dextran polymer-based detection reagents (16) . In the case of lung cancer, sensitivity of the ALK protein using the iAEP method was higher than that using conventional procedures (16 (17, 18) , AKT/PI3K (19) , and RAS/ERK (20) pathways, which are involved in oncogenic processes, including cell proliferation, migration, and survival. Activation of those oncogenic pathways requires not only gene mutations or abnormal protein expression but also phosphorylation of ALK, which alters its function. Previous in vitro studies indicated an association among ALK phosphorylation, its oncogenic function, and poor prognosis (21) . However, the mechanism by which ALK phosphorylation affects the clinical course of cancer patients has not been investigated previously.
The present study investigated ALK protein expression using the iAEP method, underlying ALK genetic aberrations using fluorescence in situ hybridization (FISh), and ALK protein phosphorylation using immunohistochemical staining (IHS) in soft tissue tumors, as well as their relationship with the clinical course of cancer, such as prognosis and metastasis.
Materials and methods
Tissue samples. We retrieved 81 soft tissue tumor specimens from the department of Orthopedic Surgery of Kurume University from 2001 to 2011. Paraffin-embedded tissues were used for diagnosis, histopathology, and IhS analyses. The antibodies used for immunostaining included those against CAM5.2 (bd biosciences, San jose, CA, uSA), Cd3, Myod1, Bcl6 and CD34 (all from Leica Ltd., New Castle, UK), Bcl2 (Ventana Medical Systems, Inc., Tuscon, AZ, uSA), vimentin, SMA, desmin, myogenin, S100, KP-1, AE1+AE3, EMA, CD20, and CD99 (all from Dako, Tokyo, Japan). All cases were diagnosed according to the World Health Organization (WHO) classification system (22) . For IHS and FISH analyses, a tissue microarray was generated from 3-mm diameter cores derived from neoplastic lesions of each tumor case. Clinical information was obtained from patient medical charts. The use of clinical information and materials was approved by the Research Ethics Committee of Kurume University and was in accordance with the Declaration of Helsinki.
Immunohistochemical detection of the ALK protein using the iAEP method. We applied the iAEP method for immunohistochemical detection of ALK. The ALK detection Kit (Nichirei Biosciences Inc., Tokyo, Japan) was used according to the manufacturer's protocol. Briefly, after deparaffinization, the slides were heated for 40 min at 95˚C in antigen retrieval solution and subsequently incubated at room temperature with peroxidase blocking reagent for 5 min followed by incubation with the ALK antibody (clone, 5A4; dilution, 1:50) for 30 min. The Bridge reagent and the Peroxidase-Labeled Empower reagent were applied for 15 and 30 min, respectively, at room temperature. The immunohistochemical staining (IhS) results were categorized as either negative (-), weakly positive (1+), moderately positive (2+), or strongly positive (3+) (Fig. 1A) . If a neoplastic cell was at least weakly positive, it was considered positive for ALK expression. We defined a tumor sample with >30% positive neoplastic cells as a positive case.
Determination of ALK gene status by FISH analysis. FISh analysis was performed using an ALK (2p23) split-signal FISH dNA Probe (dako) to detect chromosomal translocation of the ALK gene and gene signal gain (copy no.) (Fig. 1b) . If the split signal was detected in at least one out of 30 neoplastic cells, the tumor sample was defined as translocation-positive. If 3 or more gene copies per sample were detected in at least one out of 30 neoplastic cells, the tumor specimen was categorized as gene signal gain-positive.
Immunohistochemical analysis of phospho-Y1604 ALK expression. To evaluate phospho-Y1604 ALK expression, we performed immunostaining using the anti-ALK (phospho-Y1604) antibody (clone, EP661Y) (Abcam, Cambridge, UK). If a neoplastic cell was at least weakly positive (1+), it was considered positive for ALK expression, and any tumor specimen with >30% positive cells was considered a positive case (Fig. 1C) .
Immunohistochemical detection of the MIB1 index.
Sections (4 µm) were deparaffinized in xylol and washed in distilled water, followed by treatment with an antibody against Ki-67 (clone M7240; Dako) in 0.001 M EDTA buffer, pH 8.0, for 20 min at 95-99˚C in a microwave oven.
Using an optical microscope, Ki-67-positive cells were counted in 5 fields of a high power view randomly selected from each section. A case with >10% Ki-67-positive cells was considered positive.
Statistical analysis. The Chi-square test and Fisher's exact test (two-sided test), which is appropriate for small values, were used to assess the associations among the IHS, FISH, and protein phosphorylation analyses. Event-free survival (EFS) was defined as the period from the time of histological diagnosis to that of detection of metastasis or the most recent follow-up evaluation. EFS and overall survival (OS) were determined using the Kaplan-Meier method, and the log-rank test was used to compare survival curves between the favorable and unfavorable risk groups. A P-value <0.05 in both Chi-square and Fisher's exact tests was indicative of statistical significance. Table I presents the clinical information of all patients from whom the tumor samples used in this study originated. The 81 tissue samples were derived from 44 males and 37 females, who ranged in age from 2 to 88 years (mean 52.0 years). All patients underwent surgical resection. In addition to resection, 17 patients also received chemotherapy, 6 received radiation therapy, and 3 received chemoradiotherapy. Twenty-one of the subjects showed metastasis during the follow-up period, which ranged from 0 to 245 months (mean, 44.1 months). Table II shows the characteristics and proportions of tumor cases that were positive for ALK protein expression, gene signal gain, and phosphorylation. The ALK protein was expressed in 33 samples (40.7%), all of which showed tumor cells with diffusely stained cytoplasms but no nuclear staining (Fig. 1A) . ALK gene translocation was not observed in any of the tumors, but ALK gene signal gain was detected in 55 cases (67.9%) (Fig. 1B) . Thirty cases (37.0%) were positive for phospho-Y1604 ALK expression, which had a diffuse membrane staining pattern (Fig. 1C) . We were able to evaluate the MIB1 index in 67 of 81 cases, of which 39 samples (58.2%) were positive.
Results

Clinical characteristics.
Analysis of ALK protein expression, gene signal gain, and phosphorylation.
Statistical association between ALK protein expression and phosphorylation. phosphorylation rates were significantly higher in the ALK protein-expressing samples. The reverse relationship was also true, in that positive ALK protein expression rates were higher in the tumors that displayed ALK phosphorylation (Chi-square test, P=0.0003; Fisher's exact test, P=0.0004). In the undifferentiated pleomorphic sarcoma (uPS and myxoid liposarcoma samples), the associations between ALK protein expression and phosphorylation were statistically significant by Chi-square test (UPS: P= 0.0135; myxoid liposarcoma: P= 0.0325), but no significance was detected by the Fisher's exact test (UPS: P=0.0867; myxoid liposarcoma: P=0.1818). Fig. 2 show the survival curves for EFS which are defined as the duration from the time of diagnosis to metastatic detection. The EFS curves were not statistically affected by ALK protein expression (P=0.8577).
Statistical associations among
However, statistically worse EFS was noted for the ALK phosphorylation-positive cases compared with the -negative cases, (P= 0.0215). In addition, we also investigated this relationship for the sarcoma subtype, of which there were >10 cases. The phosphorylation of ALK was statistically associated with worse EFS in the myxoid liposarcoma cases (P=0.0019). Table I . Clinical characteristics of the patients with soft tissue tumors. On the other hand, the OS curves were not statistically affected by either ALK protein expression or phosphorylation (P=0.5261 and 0.8379, respectively).
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Discussion
Our findings revealed that almost 40% of the soft tissue tumor samples evaluated in the present study expressed the ALK protein and its phosphorylated form, according to iAEP and IHS, respectively, as well as ALK gene signal gain, according to FISH. Statistically significant ratios were detected between ALK protein expression and phosphorylation (Chi-square test, P= 0.0003; Fisher's exact test: P= 0.0004) and between gene signal gain and the MIB1 index (Chi-square test, P<0.0001; Fisher's test, P<0.0001). The EFS was statistically worse for patients who were positive for ALK phosphorylation than for those who were negative, and this was also true for the subtype myxoid liposarcoma cases (P=0.0019).
Li et al (23) evaluated the ALK protein in alveolar soft part sarcomas (no. of positive cases/no. analyzed: n=1, proportion: 0%), well-differentiated liposarcomas (n=19, 47.4%), synovial sarcomas (n=13, 7.7%), malignant peripheral nerve sheath tumor (MPNST) (n=12, 8.3%), pleomorphic malignant fibrous histiocytoma (MFH) (n=27, 22.2%), myxoid liposarcomas (n=17, 70.6%), and myxofibrosarcoma (n=27, 22.2%), among others. In comparison with those results, our study indicated equal or slightly higher rates of ALK protein expression in the following tumor types: alveolar soft part sarcomas (n=2, proportion: 100%), well-differentiated liposarcomas (n=7, 57.1%), synovial sarcomas (n=4, 75%), MPNST (n=4, 75%), pleomorphic MFH (n=19, 21.1%), myxoid liposarcomas (n=11, 54.5%), and myxofibrosarcomas (n=8, 62.5%). A reason for the discrepancies could be attributed to our use of the iAEP method, which increased ALK detection sensitivity in comparison with traditional immunohistochemical methods. This method has been reported to be more efficacious for detecting the ALK protein in soft tissue tumors as well as in lung cancer (16) .
Van Gaal et al (15) , reported that 62.9% of rhabdomyosarcoma cases had an ALK copy no. gain, but without ALK translocation, and this was positively correlated with ALK protein expression. In the present study, we also detected no ALK translocation but positive ALK gene signal gain. Gene signal gain was not positively correlated with ALK protein expression but was positively correlated with the MIB1 index. ALK gene signal gain seemed to have no association with ALK specifically, but rather with mitosis and DNA polyploidy patterns.
ALK activation may cause cell proliferation depending on the position of phosphorylation within its intracellular domain (24) (25) (26) . Phosphorylation of ALK is followed by activation of downstream signaling pathways, including PI3K/AKT, STAT3 and RAS/RAF/ERK, which trigger oncogenic changes (24) . The anti-phospho-Y1604 antibody (clone, EP661Y), used in the clinical study, recognized the phosphorylated 1,604th tyrosine residue as the epitope (25) . Wang et al reported that expression of phospho-Y1604 ALK was associated with oncogenic signaling (21) . Other studies have shown that ALK inhibitors, including crizotinib, suppressed expression of phospho-Y1604 ALK (26) . In a study on crizotinib therapy for lung cancer, 125 patients (94%) with an ALK fusion event experienced tumor shrinkage (27) . Our findings revealed that phospho-Y1604 ALK was expressed in almost 40% of the soft tissue tumor cases and is associated with poor clinical course. These results suggest that the expression of phospho-Y1604 ALK in soft tissue tumors is a potential therapeutic target of medication and, thus, can achieve more favorable prognoses. Further studies on the effect of ALK inhibitors on phospho-Y1604 ALK expression are needed.
The suppression of metastasis by ALK inhibitors was reported in a mouse model, of pulmonary metastasis and survival, using an in vivo subcutaneous ALK positive xenograft mouse model (21) . The present study showed a statistical association of phospho-Y1604 ALK expression with metastasis in soft tissue tumors and with ALK protein expression. These results potentially suggest that activation of ALK, indicated by its phosphorylation, is a more important factor in neoplastic cells than is its protein expression. ALK inhibitors may prevent progression of metastatic lesions in phospho-Y1604 ALK-positive tumors.
In conclusion, the iAEP method is considered to be more appropriate than other methods for detection of the ALK protein in soft tissue tumors. Aberrations of ALK protein expression and phosphorylation have been observed frequently Table IV . Statistical association between ALK gene signal gain and the MIB1 ratio.
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n/total (%) n/total (%) n/total (%) n/total (%) Table V . P-values from the log-rank test comparing event-free survival (EFS) curves in soft tissue tumors. in soft tissue tumors, and phosphorylation of ALK was associated with poor progression of metastasis. ALK plays an important role in tumor biology and provides potential therapeutic targets for soft tissue tumors. Future research is needed to explore the oncogenic function of ALK and the potential effect of ALK inhibitors.
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